Abstract-The ecology of the highly invasive plant species C. odorata is poorly studied in the Philippines in spite of the fact that it is hard to eradicate, a nuisance in plantations, and known to harm farm animals and decimate forage and native plant species. In order to determine the abundance and distribution of the species and its possible relationship with local ecological factors, we estimated in 75 transect lines the percentage cover of C. odorata and other plant species growing around it, and concurrently determined soil parameters (soil type, pH, total nitrogen, total phosphorus, total potassium, and % organic matter) in three Provinces of the Zamboanga Peninsula, Southern Philippines. Multivariate Canonical Correspondence Analysis (CCA) revealed no significant relationship between soil parameters and the abundance of C. odorata suggesting eurytopy to edaphic conditions. Peak abundance of C. odorata was associated with coconut, banana, mango, gemelina and mahogany plantation environments, and reduced abundance of native plant species. This study shows that C. odorata is highly adaptive and a potential threat to native plant biodiversity and agro-ecosystem sustainability, and that its distribution seems to be supported by plant monoculture system.
from 20°C-37°C [8] .
According to Awanyo [9] , C. odorata is viewed as a major agricultural sustainability problem in many tropical countries. It was recognized as the most problematic weed in coconut plantations in Sri Lanka as early as 1944, and became a problem in rubber, palm oil, tea, coffee, cashew, teak and other plantation crops in Asia since then [10] . It is unpalatable and may cause death if ingested by domesticated animals [11] . Having displaced forage plant species, C. odorata threatens subsistence cattle farming in West Timor [12] . Through shading and allelopathy, C. odorata reduces vegetation heterogeneity in grasslands and forests [13] . The plant's ability to thrive in a wide variety of soils in the tropics, and its short juvenile stage, flowering in dry season, prolific seed production, and strong ability to resprout after burning during land preparation all contribute to its invasiveness [14] , [15] , [16] .
Despite these background information, its distribution, abundance and impacts are least studied in the Philippines. Without a clear intervention program from the national government, local farmers are left to address a least understood weed infestation problem while trying to mitigate the adverse impact of chromolaena invasion on their livelihood. Hence, this study has two aims: the first is to determine the distribution and estimate the abundance of the species in the Zamboanga Peninsula of Mindanao, Southern Philippines, in order to come up with a baseline information about its level of invasion in the area; and the second is to utilize multivariate techniques to determine the possible relationship between selected soil parameters and other plant species with the abundance of C. odorata.
II. MATERIALS AND METHODS

A. Plant Collection and Identification, and Abundance Estimation
This study was conducted on July-December 2010 (rainy season) at three Provinces of Zamboanga Peninsula, namely, Zamboanga del Sur, Zamboanga del Norte and Zamboanga Sibugay (Fig. 1 ). Eight to ten Municipalities per Province were randomly assigned as sampling sites. Three 10-m transect lines per site were laid parallel to the right side of main thoroughfares. A total of 75 transect lines were sampled in the three Provinces. Fresh samples and photographs of each plant species were taken for identification purposes. Taxonomic identification of plants followed the publications by Francis [17] and Madulid [18] . Percentage abundance of all plant species, including C. odorata, was computed as the length intercepted by each species within the 10-m transect line. Mean biomass (kg dry weight) per m -2 of C. odorata was also estimated for each site by multiplying the average dry biomass per m 2 of the species in five randomly selected sites with the average area occupied by C. odorata at each site. Plant dry biomass was determined by oven-drying all uprooted C. odorata at the five selected sites. The location of each site was determined using a Garmin Nuvi 200 Global Positioning System. 
B. Soil Parameters
From a sampling site, 100g of soil sample was collected, air-dried and stored in clean plastics bags. All samples were immediately brought to the soil laboratory of the Department of Agriculture, Regional Office, Zamboanga City for the analysis of pH; organic matter content; total N, P, and K; and soil type.
C. Multivariate Analysis
The gradient length of the species-abundance data was derived using Detrended Correspondence Analysis (DCA), and if a longer gradient length (>4) was obtained, the relationship between square root-transformed environmental and % species-abundance data was analyzed using the constrained nonlinear ordination Canonical Correspondence Analysis (CCA) available in the software CANOCO version 4.5 [19] . Monte Carlo simulation was used to test for the statistical significance of the relationship, and stepwise multiple regression (Forward Selection) was used to identify statistically significant environmental variables [19] . Tukey's Honestly Significant Difference (HSD) test was used to compare means between soil parameters.
III. RESULTS
Chromolaena odorata was found in open well-drained ground like dry and exposed slopes, roadway gullies, and in abandoned fields and pastures throughout the Zamboanga Peninsula. Essentially all sites have already been invaded with C. odorata, and the area occupied by the species at these sites ranged from 680 to 9325 m 2 . The average density we recorded was 10-15 mature shrubs m -2 . Our mean dry weight biomass estimate ranged from 175.44 -2405.85 kg · m -2 with largest colonies found in Southern sites (Fig. 1) . Thirty six plant species were recorded as associates of C. odorata (Table 1) . Except for very tall species like coconuts and plantation trees, other plant species associates had very low percentage abundance (e.g., shrubs had percentage cover of < 3%).
Soil characteristics varied between sampling areas ( Table  2 ). Loam soil type was common in all sites. Mean soil pH in the sampling sites was acidic which ranged from 5.41 -6.30. Mean organic matter was fairly low (0.9 -1.62%). Total nitrogen was within the range of 0.05 -0.80 ppm. Total phosphorus was lowest in Zamboanga Sibugay and total potassium was lowest in Zamboanga del Norte. Table 1 The gradient length output by DCA was 4.1, and this prompted the use of the constrained CCA. No significant relationship between soil parameters and vegetation with both first (F = 1.46, p > 0.57) and all canonical axes (F = 1.08, p > 0.25) were generated by CCA. These results suggest that C. odorata has no specific preference for soil parameters and types. The CCA triplot further shows that the species tends to be of maximal abundance in the presence of plantation species, including: Musa paradisiaca (banana), Cocos nucifera (coconut), Swietenia mahagoni (mahogany tree), Mangifera indica (mango), and Gmelina arborea (gemilina) (Fig. 2) .
IV. DISCUSSION
The heavy infestation of C. odorata in various areas of Zamboanga Peninsula seems to be favored by an acidic soil and the range of soil parameters measured in this study. Soil pH is not a limiting factor in the germination and growth of C. odorata because it can grow in a wide range of pH, between 4 to 8, and is adapted to a wide range of soil conditions which is a common characteristic for many weed species [10] .
This study reveals that the unutilized lighted spaces in between plantation trees are mainly occupied by C. odorata supporting the findings that this species preferred open sunny habitats and was conspicuously absent in dense shady forests [20] . The high abundance in our sampling sites was not unexpected because sites had ideal exposure to sunlight which is needed for germination, seedling growth, flowering and fruiting of the species. Thus, open spaces in plantations may need to be planted with shade-adapted high value crops (e.g. cacao and coffee) to preclude invasion of C. odorata.
Abundance and successful invasion is most likely influenced by the biology of the species (e.g., the allelopathic ability and rapid reproduction and growth of C. odorata) rather than by local edaphic conditions. Highly invasive plant species combine reproductive, competitive and dispersal traits [21] . The highly invasive C. odorata grows aggressively and, suppresses other vegetation by easily forming a thick cover at a short time [22] , and accumulates soil-borne fungi that act as pathogens on native plants [23] . The robustness of the species was demonstrated by its rapid regrowth at the onset of rainy season following a moderate El Niño in February to May 2010 where most C. odorata were found to be wilting in several areas of the Zamboanga Peninsula.
The maximum estimated abundance of mature C. odorata individuals (15 m -2 or 1.5 x 10 4 ha -1 ) in this study may be rated low compared to those reported in Ghana (15 - 173 x  10 4 ha -1 [9] ). Nonetheless, such level of abundance already has a corresponding cost to farm owners who regularly remove the weed from their farms. On average, a farm owner pays about US$5 (August 2011 exchange rate: PhP42.00 to US$1.00) per 500 m 2 per day per laborer to slash the weed out from their farms. The cost doubles if uprooting individual weed is involved. Subsistence farmers usually cannot afford to hire laborers, so productive farming time is lost to weeding C. odorata.
In conclusion, this study has shown that C. odorata has infested the three Provinces of the Zamboanga Peninsula because its life history is supported by soil and climatic properties of the area, and the occurrence of plantation species. The invasiveness of C. odorata may be attributed to the production of large quantities of propagules and its capability to suppress the native vegetation. Apart from incorporating weed management in farming systems, total harvesting and exploiting positive attributes (e.g. bioactive compounds [24] , fallow plant for acidic soils [25] ) of the species may be best immediate management options. He was an Associate Professor at the Department of Biological Sciences, MSU-IIT from 1995 to 1997, and became a Professor at the same institution from 1998 to the present.
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